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<£) The present invention is directed to a DNA sequence comprising two partial DNA sequences, one partial 
sequence coding for a fragment of the a- and or the /5-cham of the human interleukin-5 receptor which fragment 
or combination of fragments binds human interleukin-5 and the other partial sequence coding for the constant 
domains of a neavy- or a light chain of a human immunoglobulin such as IgG, IgA, IgM or IgE or a part thereof, 
a vector comprising such a DNA sequence, a pro- or eukaryotic host cell transformed with such a vector, a 
recombinant protein coded for by such a DNA sequence, a process for the preparation of such recombinant 
protein and a pharmaceutical composition containing such a recombinant protein. 
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lnterleukin-5 (IL-5 or IL5) is a lymphokine secreted by T cells and mast cells having biological activities 
on B cells and eosinophils. The activity on B ceils seems to be restricted to the murine system. No 
detectable activity can be found in a panel of human B-cell activation or differentiation assays. [Clutterbuck 
et al., Eur. J. Immunol. 17, 1743-1750 (1987)]. 

5 In murine hematopoiesis, IL-5 is a selective signal for the proliferation and differentiation of the 

eosinophilic lineage [Yamaguchi et al.. J. Exp. Med. U57. 43-56 (1988)]. In this respect, IL-5 function shows 
analogies with colony-stimulating factors for other myeloid lineages. Also, human (h) IL-5 is very potent in 
the activation of human eosinophils [Lopez et aL, J. Exp. Med. 167, 219-224 (1988); Saito et al., Proc. Natl. 
Acad. Sci USA 85, 2288-2292)]. 

w Interleukin 5 mediates its activity through a cell membrane receptor-complex. This complex has been 
characterized physicochemically in both the murine and human system. Mouse pre B cell lines depending 
on IL5 for their growth have been developed from bone marrow and are used for IL5-receptor analysis 
[Rolink et al., J. Exp. Med. 169, 1693-1701 (1989)]. The human IL5-receptor can be studied on a subclone 
of the promyelocytic eel! line HL60 induced towards eosinophil differentiation [Plaetinck et al., J. Exp. Med. 

75 172, 683-691 (1990)]. 

Eosinophilic differentiation is initiated using sodium butyrate. Only high affinity (Kd = 30 pM) IL5 
binding sites can be found on these cells. However cross-linking studies reveal the presence of two 
polypeptide chains involved in IL5 binding, with molecular masses closely resembling the murine IL5R-a- 
and -j9 chains. 

20 A soluble human IL5Ra-chain (shILSRa) could be used as an IL-5 antagonist in chronic asthma or other 
disease states with demonstrated eosinophilia. In addition the shILSRa or the a-chain itself or the whole high 
affinity receptor, consisting of the a-chain and the £-chain [Tavernier et al., Cell 66, in press (1991)] couid 
be used as a tool for screening for IL-5 antagonists. 

It is therefore an object of the present invention to provide DNA sequences which comprise a 

25 combination of two partial DNA sequences, with one of the partial sequences coding for a fragment of the a 
- and/or the /S-chain of the hlL5R which fragment or combination of fragments binds hlL5 whereby a 
fragment of the a-chain (shlL5Ra) and especially such a fragment with the whole or a part of the sequence 
as shown in Figure 1 is preferred and the other partial sequence coding for part or all constant domains of 
human immunoglobulin heavy- or light chains wherein heavy chains, especially all domains except the first 

30 domain of the constant domain of human immunoglobulins such as IgG, IgA, IgM or igE and specifically 
IgG, e.g. lgG1 and lgG3 are preferred. It is furthermore understood that a DNA sequence coding for a 
fragment of the a-chain of the hlL5R which fragment binds hlL5 comprises also DNA sequences which 
hybridize under stringent hybridization conditions to a DNA sequence as shown in Figure 1 coding for a 
protein which binds hlL5. A man skilled in the art will easily be able to define such stringent hybridization 

35 conditions based on the DNA-sequence shown in Figure 1 and according to standard knowledge in the 
state of the art and disclosed e.g. in Sambrook et al.. It is furthermore an object of the present invention to 
provide vectors comprising such DNA sequences, especially such vectors capable of expression in 
eukaryotic host cells and pro- or eukaryotic host cells transformed with such vectors. Finally it is an object 
of the present invention to provide a process for the preparation of the recombinant proteins coded for by 

40 such DNA-sequences which process comprises cultivating a transformed host as mentioned before in a 
suitable medium and isolating the recombinant protein. 

The present invention is also concerned with the recombinant chimaeric polypeptides coded by such 
DNA sequences, especially for the treatment of illnesses, e.g. chronic asthma. Of course, there are thereby 
also included such proteins in the amino acid sequences of which amino acids are deleted or exchanged, 

45 so that the activity of the proteins is not significantly changed. Amino acid exchanges in proteins and 
peptides which do not generally alter the activity of such molecules are known in the state of the art and are 
described, for example, by H. Neurath and R.L. Hill in "The Proteins" (Academic Press, New York, 1979, 
see especially Figure 6, page 14). The most commonly occurring exchanges are: Ala/Ser, Val/ile, Asp/Glu, 
Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, AlaA/al, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/lie, Leu/Val, 

so Ala/Glu, Asp/Gly as well as these in reverse. 

Such chimaeric polypeptides could have increased half-life in vivo. Increased half-life in vivo has been 
shown e.g., for chimaeric polypeptides consisting of the first two domains or parts thereof of the human 
CD4-molecule and different domains of the constant regions of the heavy chain or the light chain of a 
mammalian immunoglobulin (see Traunecker et al., Nature 331, 84-86 [1988] and European Patent 

55 Application, Publication No. 394 827). 

It is furthermore understood that for the purpose of the present invention the chimaeric polypeptides 
can be in a dimeric form, namely consisting either of two subunits wnereby each subunit comprises a 
fragment of the a-chain of the IL5R which still binds hlL5 or of two subunits whereby one of the two 
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sjbunits como'ises a Gagmen: of the t chair o* trie t^5R so tnat tie dimenc DOlyoeptiae Dines hlL5 

The domr.g cf a DNA sequence coding for the a-chain of tne hlL5R can be acmeved in the following 
manner Murine ce l lines which contain the murine lL-5-receotor imlLSR; in membrane-bounc form, can be 
cultivated according to metnoos Known m tne an or as soecificaliy aescnoed in e.g. m Example 2. Sucn 

5 cei.s can tnen oe na r vestec Dy centnfugation, iysed anc a membrane extract can be crepared by using a 
su.taole aetergent. e.g. Tnto^-X-tOC Po r tne 'Soiat;on cf me a-cram o* mlL5R. tne membrane extract, 
ciearec oy centnf jgation. can be passed ever an immuneaffinity matrix. The corresponding antibodies for 
such an immunematnx name'y tne ones tc the a-cham o* tne mlL5R can oe prepared and coupled to an 
appropriate matrix by methods well known in the art or as specifically described e.g. in Examples 1-3. The 

-c a-chain of the mlL5-R can be furtner purified by sodium aoaecyisulfate polyacrylarmoe gelelectrophoresis 
(SDS-PAGE) and blotted to an appropriate matrix. 

The thus-purified murine IL-5-receptor chain can be characterized by methods of peptide chemistry 
wmch a r e known in the state of the art. such as, for example. N-terminal amino acid sequencing or 
enzymatic as well as chemical peptide cleavage. Fragments obtained by enzymatic or chemical cleavage 

15 can oe separated according tc usual methods such as for example. HPLC and can themselves be 
subjected to further N-termmal sequencing. 

Starting from the so-obtained ammo acid sequence information oligonucleotides can be produced 
according to methods known in the state o* the art [see e.g. Sambrook et a!., s.a.] taking into consideration 
the degeneration of the genetic code. 

20 cDNA or genomic DNA libraries can be produced according to methods known in the art [SambrooK et 
al., "Mo.ecular Cloning", 2nd. ed.. Cold Spring Harobor Laboratory Press (1989)], whereby cDNA libraries 
on the basis of an mRNA-preparation from cell lines expressing with or without induction murine or human 
IL5R, e.g. as specifically described in Example 4, are preferred. Such libraries can then be screened by 
oligonucleotides [Sannbrook et al., s.a.]. Once a specific clone has been identified in such a manner the 

25 phage harboring the desired DNA sequence of the invention can be isolated [Sambrook et al., s.a.] and the 
corresponding inserts characterized by restriction enzyme cieavage pattern analysis or sequencing accord- 
ing to standard procedures (Sambrook et al., s.a.). It is understood that also DNA sequences hybridizing 
under stringent hybridization conditions (see e.g. Sambrook et al.; s.a.) tc those of the present invention and 
coding tor proteins which bind IL5 can be employed for the purpose of the present invention. Such DNA 

so sequences can be prepared e.g. by mutagenesis methods known in the art (see e.g. Sambrook et al.) 
starting from the corresponding non-mutated DNA sequences. Furthermore the polymerase chain reaction 
(PCR) can be used for the preparation of DNA sequences of the present invention as described e.g, in 
detail in examples 12 and 13. 

On the basis of the thus-determined sequences and of the already known sequences for certain 

35 receptors, those partial sequences which code for a soluble receptor subunit can be determined and cut out 
from the complete sequence using known methods [Sambrook et a!., s.a., see also Maliszewski and 
Fanslow, Tibtech., 8, 324-329 (1990)] in case that a specific insert cDNA of a clone of the present invention 
does not already "code for such a sh!L5Ra as this is for example the case for cDNA clone "\gt1l- 
hlL5Ra12". 

40 The complete sequence or such partial sequences can then be integrated using known methods into 
vectors described in the state of the art for their amplification and or expression in prokaryotes [Sambrook 
et al., sa.]. Suitable prokaryotic host organisms are, for example, gram-negative and gram-positive bacteria 
such as, for example, E. coli strains such as E. coli HB 101 [ATCC No. 33 694] or E. coli W3110 [ATCC No. 
27 325] and E.coli MC1061 [Casadabam and Cohen, J. Mol. Biol. 138, 179-207 (1980)], the latter two 

45 already harboring plasmid "p3" (Sambrock et a!., s.a.) in case that pCDM8-type vectors like ttVX or 
pshlLSRa (see Example 9) will be amplified or B. subtilis strains. 

Furthermore sucn sequences can be integrated using known methods into suitable vectors for 
expression in eukaryotic host cells, such as, for example, yeast, insect cells and mammalian cells. 

A typical expression vector for mammalian cells contains an efficient promoter element in order to 

5: proauce a good transcription rate, the DNA sequence to be expressed and signals for an efficient 
termination and polyadenyiation of the transcript. Additional elements which can be used are "enhancers" 
wnich lead to again intensified transcription and sequences which e.g. can bring about a longer half life of 
the mRNA. For the expression of nucieic acid sequences in which the endogenous sequence fragment 
coding for a signal oept'de is missing, there can be used vectors which contain such suitable sequences 

5£ wnich cooe for signal peotiaes of other known prcteins. See. for example, tne vector pLJ266 described by 
Cj, en B.R. r Ce! j 45. 973-952 (1986/ as well as Sharma. S. et a . in "Cerent Communications in 
r.'ioiecj.ar Bioog>". edTby Get-, ng. M.J.. Co:d Sp'inc Harbo- Lab. f 1 985 j. cages ^3-78 
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Most of these vectors which are used for a transient expression of a particular DNA sequence in 
mammalian cells contain the replication origin of the SV40 virus. In cells which express the T-antigen of the 
virus (e.g. COS cells), these vectors are reproduced abundantly. A transient expression as described e.g. in 
Example 10 is, however, not limited to COS cells. In principle any transfectable mammalian cell line can be 
5 used for this purpose. Signals which can bring about a strong transcription are e.g. the early and late 
promoters of SV40, the promoter and enhancer of the "major immediate-early" gene of HCMV (human 
cytomegalovirus), the LTR's ("long terminal repeats") of retroviruses such as, for example, RSV, HIV and 
MMTV. There can, however, also be used signals of cellular genes such as e.g. the promoters of the actin 
and collagenase genes. 

w Alternatively, however, stable cell lines which have the specific DNA sequence integrated into the 
genome (chromosome) can also be obtained. For this, the DNA sequence is cotransfected together with a 
selectable marker, e.g. neomycin, hygromycin, dihydrofolate reductase (dhfr) or hypoxanthin guanine 
phosphoribosyl transferase (hgpt). The DNA sequence stably incorporated in the chromosome can also be 
amplified abundantly. A suitable selection marker for this is, for example, dihydrofolate reductase (dhfr). 

75 Mammalian cells (e.g. CHO cells), which contain no intact dhfr gene, are thereby incubated with increasing 
amounts of methotrexate after transfection has been effected, in this manner cell lines which contain more 
than a thousand copies of the desired DNA sequence can be obtained. 

Mammalian cells which can be used for expression are e.g. cells of the human cell lines Hela [ATCC 
CCL2] and 293 [ATCC CRL 1573] as well as 3T3 [ATCC CCL 163] and L cells, e.g. [ATCC CCL 149], 

20 (CHO) cells [ATCC CCL 61], BHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL 70] and the COS 
cell lines [ATCC CRL 1650, CRL 1651]. 

Suitable expression vectors include, for example, vectors such as pBC12MI [ATCC 67 109], pSV2dhfr 
[ATCC 37 146], pSVL [Pharmacia, Uppsala, Sweden], pRSVcat [ATCC 37 152], pMSG [Pharmacia, 
Uppsala, Sweden] and pCDM8 type plasmids like e.g. pshlLSRa [see Example 7] which has been deposited 

25 transformed in E.coli MC1061 (harboring plasmid p3) under the conditions of the Budapest Treaty for patent 
purposes at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, 
Federal Republic of Germany on April 17, 1991 under accession number DSM 6479 The plasmid pshlLSRa 
can be isolated from the deposited transformed E.coli as known in the art and described e.g. in detail in 
Example 9. For the expression of the chimaeric polypeptides of the present invention, pSV2-derived vectors 

30 [see for example German, C. in "DNA Cloning" Vol. II., edt. by Glover, D.M., IRL Press, Oxford, 1985] like 
pCD4-Hu (DSM 5315), pCD4-H 7 1 (DSM 5314) and pCD4-H 7 3 (DSM 5523) which have been deposited at 
the Deutschen Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG, and 
which are described in detail in European Patent Application No. 90107393.2, Publication No. 394 827 can 
be used. The specification of this European Patent Application contains also data with respect to the further 

35 use of these vectors for the expression of chimaeric proteins and for the construction of vectors for the 
expression of such chimaeric proteins with other immunoglobulin fragments. For the purpose of the present 
invention the CD4 coding part in these vectors has to be replaced by a DNA sequence coding for a 
fragment of the a-and/or 0-chain of the hlL5R which still binds hlL5 by methods known in the art and 
described e.g. in Sambrook et al. (s.a.) and if desirable in such vectors obtained, the specific im- 

40 munoglobulin coding part can be replaced by a DNA sequence coding for the desired immunoglobulin part. 
Preferred vectors for the expression of the chimaeric polypeptides of the present invention are pCDM8 type 
vectors like e.g. pshlL5Ra for the expression of fragments of the a-chain of the IL5R containing chimaeric 
polypeptides (see examples 12 and 13). As already described above sources for DNA sequences coding for 
constant domains of human immunoglobulins are known in the state of the art and disclosed for example 

45 also in EP 394 827 or are described e.g. by Ellison et al. [Nucl. Acid Res. 10, 4071-4079 (1982)] or Huck et 
al. [Nucl. Acid Res. 14, 1779-1789 (1986)] in case of such constant "domains of the lgG1 or lgG3, 
respectively. 

The manner in which these cells are transfected depends on the chosen expression system and vector 
system. An overview of these methods is to be found e.g. in Pollard et al., "DNA Transformation of 

so Mammalian Cells" in "Methods in Molecular Biology" [Nucleic Acids Vol. 2, 1984, Walker, J.M., ed, 
Humana, Clifton, New Jersey]. Further methods are to be found in Chen and Okayama ["High-Efficiency 
Transformation of Mammalian Cells by Plasmid DNA", Molecular and Ceil Biology 7, 2745-2752, 1987] and 
in Feigner [Feigner et al., "Lipofectin: A highly efficient, lipid-mediated DNA-transfection procedure", Proc. 
Nat. Acad. Sci. USA 84, 7413-7417, 1989]. Eukaryotic host cells transfected with a suitable plasmid (vector) 

55 of the invention, as well as the plasmids used for their transfection and expression of the corresponding 
recombinant protein, are also an object of the present invention. 

The baculovirus expression system, which has already been used successfully for the expression of a 
series of proteins (for an overview see Luckow and Summers, Bio/Technology 6, 47-55, 1988), can be used 
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fo r the expression in insect cehs. Recombinant proteins can oe proaucec in authentic forrr, o r as fusion 
proteins The thjs-oroducec proteins can also oe modified such as. for example, glycosylated .'Smith et ai.. 
P r oz Nat Aoac Sci. USA 82 8404-8408, 1987). For the proauction o' a recombinant bacuiovirus when 
exp r esses the cesi r ed protein there :s used a so-called "transfer vector". Under tnis tnere :s to oe 

; unae r s:coc a dasmid wnich contains tne Heterologous DNA seauence under the control of a strong 
comoter. e.g tnat of tne polyhearon gene, wherecy tn:s is surrounaec on botr Siaes oy viral secuences. 
Tne tra~sfe r vecto r is tnen transfected intc the insect cells together witn DNA of the wiid type bacuiovirus. 
Tne recombinant v, r uses which result in tne cells oy homologous recombination can then oe identified and 
isolated according to known methods. An overview of tne caculovirus expression system and the methocs 

? c used therein is to be found m Luckow and Summers, "A Manual cf Methods for Bacuiovirus Vectors and 
Insect Cell Culture Procedures". Texas Agricultural Experimental Station, Texas A & M University, Bulletin 
No. 1555, 2nd edition, 1988. It is unaerstood that for the practice of the present invention when using the 
bacuiovirus expression system DNA-sequences coding for the immunoglobulin part have to be in the form 
of a cDNA. 

75 The chimaenc poiypeptiaes of the present invention can then be ourified from the cell mass or tne 

culture supernatants according to methods of protein chemistry which are known in the state of the art, 
such as. for example, precipitation e.g. with ammonium sulfate, dialysis, ultrafiltration, gelfiltration, ion- 
exchange chromatography, SDS-PAGE. isoelectric focusing, affinity chromatography like immunoaffinity 
chromatography. HPLC in norma! or reverse phase systems or the like. 

2c The chimaenc polypeptides of the present invention as well as their physiologically compatible salts, 
which can be manufactured according to methods which are known in the state of the art, can also be used 
for the treatment of illnesses in which IL-5 is involved in their course and/or the production of corresponding 
pharmaceutical oreparations. For this purpose, one or more of the said compounds, where desired or 
required in combination with other pharmaceutical^ active substances, can be processed in a known 

25 manner with the usually used solid or liquid carrier materials. The dosage of such preparations can be 
effected having regard to the usual criteria in analogy to already used preparations of similar activity and 
structure. Such pharmaceutical preparations and the use of the compounds of the present invention for 
therapeutical purposes are also an object of the present invention. 

After the invention has been described in general hereinbefore, the following Figures and Examples are 

3D intendea to illustrate details of the invention, without thereby limiting it in any manner. 

Figure 1 



Nucleic acid sequence of shlLSRa and deduced amino acid sequence whereby the corresponding 
35 amino acid sequence of the mILSRa is indicated below by showing only such amino acids which are 
different from the ones of the human sequence. Sequences are represented by standard abbreviations for 
nucleotides and amino acids. 

Figure 2 

40 

Figure 2 gives the results of competition binding assay employing shll_5Ra. For details see Example 11. 
Example 1 



45 Production of monoclonal antibodies against the murine IL5R 



Immunization was carried out basically as described by A. Rolink et al. (s.a.). Briefly: at day 0. 2X1 0 7 
B 1 3 cells [Rolink et al., s.a.] were washed with phosphate buffered saline (PBS-A). mixed with complete 
Freund's adjuvant (CFA) and injected into the hind footpatn of Wistar rats. This was repeated without 

50 Freund's adjuvant (FA) on day 5 and 7. On day 8. regional lymph nodes were removed and a cell 
suspension was prepared. These cells were fused using PEG 1500 (Boeh-inger) with Sp2 0-Ag14 ceils 
[ATCC CRL 1581] at a ratio of 5:1,5. Cells were plated in micrctite r plates in the presence of 5O0 pg'ml of 
recombinant h!L-6 [Haegemann et al., Europ. J. Biochem. 159, 625-632 (1986)]. The next day, the same 
volume of medium containing a 2x cenc. of aminopterin was adaed for selection of hybrid cells. Cells were 

55 r efed at day 8 with medium, without aminopterin. Hybndomas were selected on the ability of their 
sucernatant to innicit the mlL5 [Tavemier. J. e: al. DNA S, 491-501 \^9B2}[ c r an miouse iT.erieu*in-3 imlL3i 
• • , •:• •" r'0::feraticr :*' Ft 3 cc- ■$ I'meas^ec by a -Hcccxy-cvtidir ir-ccdcra'ion assay as known in tne art). 
C'-c \ :-.--c ~c--i-..~ WEHI-3 c-?' ! s 'A'CC Nc. T1B6B- was usee as c source :>* mlL3. Supemata-ts 



5 




EP 0 533 006 A1 




demonstrating inhibiting activity were retested in a competition-binding assay with radiolabeled [according 
to methods known in the art] mIL5 or "R52" [a monoclonal antibody recognizing only the £-chain of the IL- 
5-R (Roiink et al. s.a.)] on B13 cells. Monoclonal antibodies directed only to the a-chain of the m!L-5-R were 
identified on their ability to inhibit almost completely mlL5 binding and by immunprecipitation of the 
5 corresponding mlL-5-R chain. Selected hybridomas were recloned by the limiting dilution method. 

Example 2 



immunoaffinity purification of the mlL5R-£-chain 



B13 cells were grown in large spinner flasks in Iscove's modified Dulbecco's medium (Gibco Laborato- 
ries, grand Island N.Y., USA) containing 5% fetal calf serum, 2mM L-glutamine, 50u.g/ml gentamycin, and 
100 units/ml recombinant mouse IL-5, to a density of 2 x 10 £ cells/ml. Ceils from 10 I cultures were 
concentrated by centrifugation, washed with PBS and iysed in 200ml PBS containing 1% Triton-X-100 and 

15 a cocktail of protease inhibitors (1mM PMSF, 10mM benzamidine.HCl, 100 U/ml aprotinin). After 10 min on 
ice, the lysate was centrifuged for 10 min at 1000 x g and cleared by ultracentrifugation (100.000 x g) for 90 
min at 4'C. The supernatant was diluted with NaCI to a final concentration of 0.5 M, and used for 
purification. "R52" was covalently bound to protein G-Sepharose 4 Fast Flow (Pharmacia, LKB Biotechnol- 
ogy AB, Uppsala, Sweden) according to Schneider et al.[J. Biol. Chem. 257, 10766 (1982)], at a 

20 concentration of 5 mg/ml gel. Two hundred ml lysate of B13 cells was passed at~4C 6 over 2 ml protein G- 
Sepharose 4 Fast Flow followed by 2ml R52-linked protein G-Sepharose 4 Fast Flow both packed in a 1cm 
diameter column, The flow through was then reloaded on both columns. The gel was washed extensively 
(100ml) with a buffer containing 50mM Tris-HCI (pH8.2), ImM EDTA, 0.5M NaCI, 0.5% NP40, followed by 
10 ml 0.1% (NP40). Next, the retained proteins were eluted in 4m! 50mM diethylamine (pH11) containing 

25 0.1% Nonidet P40 (NP40), neutralized by addition of 1M NaH 2 PCU and concentrated by lyophilization. The 
purity was assessed by SDS-PAGE and Coomassie staining of 2.5% of the eluate. 

Example 3 

30 Immunoaffinity purification of the murine IL5R a-chain 



B13 cell lysates from 2 x 10 1D cells (run through fractions of the n R52"-immunoaffinity column used to 
purify the jS-chain doublet according to Example 2) were mixed overnight by 4°C with 2ml hydrazide 
avidgel AX (Bioprobe Int. Inc.) armed with 10 mg mAbs recognizing the mlL5R a-chain. The gel was then 

35 poored into a column, and after extensive washing (50mM Tris.HCI, pH 8.2, 1mM EDTA, 0.5M NaCI, 0.5% 
NP40; followed by 0.1% NP40 in H 2 0) etution was performed using 50mM diethylamine, pH11, 0.01% 
NP40. Selected fractions were immediately lyophiiized and resuspended in 2x Laemmli buffer, in the 
presence of j6-mercaptoethanol. Samples were run through a 1.5 mm 10% PAGE-SDS gel. The gel was 
fixed in 10% HAc, 30% methanol and stained with Coomassie Brilliant Blue. Slices containing the 60 kDa 

40 mlL5R a-chain were treated with SDS buffer, sliced further and electrophoresed in a new PAGE-SDS gel. 

After transfer to an Immobiion-P membrane (Millipore Corp.), and staining with amido black, the 60 kDa 
band was excised and in situ digested with trypsin. Peptides were separated on a C4-reversed-phase 
column and subjected to sequence analysis using a 470A-type gas-phase sequenator equipped with an on- 
line 120A-type PTH-amino acid analyser (Applied Biosystems Inc., Foster City, CA). Amino acid sequences 

45 (standard abbreviations of amino acids) and the sequences of corresponding sets of oligonucleotide probes, 
synthesized according to methods known in the art, are shown below: 



w 



peptide 1 



50 



1 2 3 4 5 6 7 8 9 10 11 12 
WGEWSQPIY V G K 
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oligonucleotide-set 1 : 32-mers 
T 

5' CC 1AC GTA A AT IGG CTG IGA CCA CTC ICC CCA 3' 
A G T T 

T 

5' CC IAC GTA AAT IGG CTG ACT CCA CTC ICC CCA 3' 
AG T G T 

peptide 2 

1 2 3 4 5 6 7 8 
HVDLEYH V 

oligonucleotide-set 2 : 23-mers 

5' AC ATG ATA TTC TAA ATC IAC ATG 3' 
G G C C G G 

5' AC ATG ATA TTC IAG ATC IAC ATG 3' 
G G C G G 



35 Example 4 



Construction of unidirectional \GT1t cDNA libraries 



1. Murine ore-B eel! B13 cDNA library 

4C 

mRNA was extracted from B13 cells using the "fast-track" mRNA isolation system (tnvitrogen Corp.). 
Using this protocol, poly(A) mRNA was directly isolated from cell lysates using oligo(dT) cellulose; yields 
were around 50 ug per 10 8 cells. 5 mg poly(A) mRNA was reverse transcribed using an oiigo dT-Not1 
primer-adaptor (5'-AATTCGCGGCCGC(TH-3\ Promega Corp.) and cloned Moloney Murine Leukemia Virus 
45 RNaseH" Reverse Transcriptase (BRL Life Technologies, Inc.). EcoR1 linkered double stranded cDNA was 
made using described procedures (Sambrook et al., s.a.). Not1 cleavage was used to generate a unique 3' 
sticky-end, and cDNAs were size seiected (> 1.000 bp) on a 1% agarose gel. After elution using the "gene 
clean" protocol (BIO 101 Inc.), cDNAs were ligated into the EcoR1-No:1 arms of the \gt11 Sfi-Not vector 
(Promega Corp.). After in vitro packaging around 40 x 10 e recombinant phages were obtained. 

50 

2 Human. HL6Q done (butyrate induced) cDNA library 



Prior to mRNA purification, butyrate induced HL60 clone 15 cells [Fischkotf. Leukemia Res. 12, 679-686 
(1988): P.aetmcK et al. J. Exp Med. 172. 683-691 (1990); HL60: ATCC-Nc. CCL 240] were checked for 
55 p r ooe' ' 2 -l-nlL5 binding (around 2000 Dindmg sites oer cell]. The same protocol as for 4.1 were used, and 
a comoarabie yieic of recombinant pnage was 0Dta:ned. 
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Example 5 

Screening of murine and human cDNA libraries 



5 2 sets of oligonucleotide probes "Oligonucleotide 1" and "Oligonucleotide 2", see Example 3 were 

used for screening under different hybridization conditions (see below), dependent on the type of probe 
used by methods known in the art (Sambrook et al., s.a.). Results are presented in the scheme below: 

1. 2 cDNA clones (Xgt11-miL5Ra2,3) were selected from part of the murine cDNA library (1.2x10 6 

plaques were screened), on the basis of hybridization with both sets of oligonucleotide probes. For that 
io purpose, plaque lifts were prepared as described using Biodyne A transfer membranes (Pall), (Sambrook 

et a!., s.a.). Oligonucleotide 1 was radioactively labeled by kinasing (Sambrook et aL, s.a.) and was 

hybridized under "intermediate stringency" hybridization conditions (see below). Oligonucleotide 2 was 

radioactively labeled by kinasing (Sambrook et a!., s.a.) and was hybridized under "low stringency" 

hybridization conditions (see below). 
75 2. 1 cDNA clone (Xgt1 1-hlL5Ra8) was selected from part of the human cDNA library (2.4 x 10 & plaques 

were screened), on basis of hybridization with both "oligonucleotide 1" and the cDNA insert derived by 

methods known in the art from the murine Xgtl 1 mlL5Ra2. 

Oligonucleotide 1 was radioactively labeled by kinasing (Sambrook et al., s.a.) and was hybridized 

under "low stringency" hybridization conditions. The cDNA insert form XgtT1mlL5Ra2 was radioactively 
20 labeled by random labeling (Sambrook et al., s.a.) and was hybrtdzed under "intermediate stringency" 

hybridization conditions. 

3. 5 additional cDNA clones (Xgt1 1-hll_5Ra1 1 — 1 5) were selected from half of the human cDNA library 
screened in 2. using the m!L5Ra2 cDNA probe. Hybridization was under "intermediate stringency" 
conditions. 

25 4. 35 additional cDNA clones (Xgt1 1 -hlL5Ra16~*51) were selected from the other half of the human 
cDNA library screened in 2. using the hlL5Ra8-cDNA probe, Hybridization was under "high stringency" 
conditions (see below). 

Hybridization conditions 

30 

L) "low stringency" hybridization conditions: 

- prehdybridization: 5 x SSC (citrate buffered salt solution known in the art, see e.g. Sambrook et al., 
s.a.), 5x Denhardt's, 0.1% SDS, 0.05% sodium pyrophosphate, 100 ug/ml sonicated salmon sperm 

35 DNA; overnight at 42 0 C. 

- hybridization: prehybridization buffer was replaced by the same buffer but including the radioactively 
labeled probe. 

- washes: 4 consecutive washes (around 30 min. each) with 2x SSC, 0,1% SDS at 37 6 C: 
40 \) "intermediate stringency" hybridization conditions: 

- prehybridization: 20% formamide, 5x SSC, 5x Denhardt's, 5mM EDTA, 25mM sodium phosphate (pH 
6.5), 0.05% sodium pyrophosphate, 100 ug/ml sonicated salmon sperm DNA; overnight at 42° C. 

- hybridization: prehybridization buffer was replaced by the same buffer but including the radioactively 
45 labeled probe. 

- washes: 4 consecutive washes (around 30 min. each) with 2x SSC, 0.1% SDS at 37° C. 

H) "high stringency" hybridization conditions: 

50 - prehybridization: 6x SSC, 5x Denhardt's, 0.5% SDS, 100 ug.ml~\ sonicated salmon sperm DNA, 
overnight at 68 c 0. 

- hybridization 6x SSC, 5x Denhardt's, 0.5% SDS, 5mM EDTA, 100ug.ml~ 1 sonicated salmon sperm 
DNA including the radioactively labeled probe. 

- washes: the following consecutive washes (around 30 min. each) were performed: 
55 - 2x SSC, 0.1% SDS at room temperature (twice). 

- 0.1x SSC, 0.1% SDS at 68° C (twice). 
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Example 6 



Sequencing 

5 All cDNAs were suctioned ir pGEM7zf type vecicrs (P-omega Core . anc Exo III aeietion mutants have 

oeer. generated. Secuencng was oer^ormed us;ng a orctoco : cased or the Sanger oroceaure and involving 
Taq polymerase and singie stranaec DNA on an automatec 370A DNA Seouencer. 

Example 7 

Construction of piasmid "pshlL5Ra" 

Plasmid constructions were carried out as described in the following paragraphs. In case that no 
specific references or details of preparation are given standard methodology according to Sambrook et al. 
75 (1989), Molecular Cloning. A Laboratory Manual (2nd edn). Cold Spring Harbor, N.Y., Cold Spring harbor 
Laboratory Press, was used. 

The insert from phage Xgt1 l-hlL5Ra12 (see Example 5) was excised using EcoR1 and Nott restriction 
enzymes. Botn sticky ends were filled in using E.coli DNA polymerase 1 Klenow fragment in the presence 
of all four deoxynucleotide triphospnates, and non-palindromic BstXt linkers were added using T4 DNA 
20 ligase. The sequence of these linkers is as follows: 



5* CTTTAGAGCACA 3' 
3' GAAATCTC 5\ 

25 

In a next step, the modified insert was ligated into plasmid pCDM8 [Seed and Aruffo ; Proc. Natl. Acad. 
Sci USA, 84, 3365 (1987); Aruffo and Seed, Proc. Natl. Acad. Sci. USA, 84, 8573 (1987); Seed, Nature, 329, 
840 (1987)Tand the construct with the appropriate orientation versus the CMV-promoter was chosen for 
30 further analysis. 



Example 8 



Transformation of E.coli MCl061(p3) 

Transformation of E.coli MC1061 (p3) with the plasmid pshlLSRa of Example 7 was achieved by the 
electroporation procedure. A Gene Pulser from Bio-Rad (Richmond, CA, USA) with the following settings: 25 
uF. 2.5 kV and 200 Ohms was used according to the instructions of the manufacturer. 



40 Example 9 



Isolation of Plasmid DNA 

Plasmid DNA from transformed E.coli MC1061 as described in Example 8 was prepared using a 
45 standard procedure [Birnboim and Doly, Nucl. Acids Res. 7, 1513 (1979); Sambrook et a!., 1989, s.a.] based 
upon alkali lysis of the cells, followed by a cesium-chloride ultracentrifugation step. In this way plasmid 
pshlL5Ra was separated from piasmid p3. The insert coding for shlL5Ra was cut out of pshlL5Ra and 
sequenced as described in Example 6. The complete nucieic acid sequence and the deduced amino acid 
sequence of the shILSRa are shown in Figure 1. 

50 

Example 10 



Expressio n c; shlLSRa in COS-1 cells 

COS-1 celis were trarsfected using the DEAE-Dexfan protocol as described in Sambrook et a!., 1989, 
s.a.. Briefly, subconfljent COS-". ce!;s were harvested oy trypsimzation and related at 2.3 x 10 A ce!iS'cm 2 
24 hou''s orior to transection. The monolayers we r e washed twice with rr ^.a : essent.al medium (MEMj- 
Heoes cH 7.2 and incubated for 30 minutes wit k tne transaction miyVe [10 j.c pshlLSRa isolated as 
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described in Example 9/ 0.5 mg DEAE-dextran (M r = 2 x 10 B ; Pharmacia, Uppsala, Sweden)/ml MEM- 
Hepes, pH 7.2]. Next the cells were supplemented with 8 voiumes prewarmed Dulbecco's modified Eagles 
medium (DMEM) containing 10% foetal calf serum (FCS) and 100 uM chloroquine diphosphate, and 
incubated for 4 hours at 37 B C. Thereafter the medium was removed by aspiration and the monolayers were 
5 washed once with DMEM and incubated for 3 days in DMEM + 10% FCS. 

Example 1 1 



Characterization of shILSRa 

10 

Supernatant of COS-1 cells transfected with plasmid pshlLSRa prepared as described in Example 10 
was tested for the presence of secreted shlL5Ra in a competition binding assay as follows: COS-1 cells 
transfected as described in Example 10 with a plasmid comprising a cDNA coding for mlL5Ra (for amino 
acid sequence see Figure 1), obtained from a clone as described in Example 5 and constructed as 

75 described in Example 7, were detached by treatment with phosphate buffered saline (PBS) containing 0.5 
mM EDTA and 0.02% sodium azide for 30 minutes at 37 *C, resuspended at 1.5 x 10 5 cells per 0.3 ml 
binding medium (DMEM + 10% FCS + 0.02% sodium azide) and incubated with 0.8 nM 125 l-mlL5 at 4 6 C 
for 1 hour in the absence (Figure 2; total binding) or presence (Figure 2; " + cold", non-specific binding) 
of 100- fold excess unlabeled mlL5. Supernatant of COS-1 cells (80% of binding medium) transfected with 

20 pshlL5Ra (Figure 2, "shlLSRa") was tested for its capacity to inhibit the binding of 125 l-mli_5. Binding was 
also carried out in the presence of 80% supernatant of untransfected COS-1 cells (Figure 2, "control"). To 
separate cell membrane bound 125 l-mlL5 from free radioactivity COS-1 cells were sedimented through a 
phthalate oil cushion and individual pellets were counted in a gamma counter as described [Plaetinck et aL, 
J. Exp. Med. 172, 683-691 (1990)]. 

25 

Example 12 

Construction of a chimaeric human IL5Ra-lgG1 molecule 



30 As a first step, a polymerase chain reaction (PCR) was performed using plasmid pshlLSRa as a 
template and using the following primers: 

5'-CATAGACACGACAGACACGG, located in the 5' untranslated region of the hILSRa gene (position 
104-123) and 

5'-TACTGCAGATCCGCCTCTTGAGAACCCCACAT, a primer which matches the last 17 residues of the 
35 coding region of the hlL5Ra soluble form, with the addition of 15 residues coding for a Gly-Gly-Ser-Ala 
"linker" region, and a Pst1 recognition site. The PCR was performed using Vent Polymerase, under 
conditions as described by the manufacturer (New England BioLabs Inc., Beverly, MA, USA). 

After phenol extraction and ethanol precipitation, the PCR product was resuspended in an appropriate 
buffer, and was kinased by T4 kinase and blunted by Klenow Polymerase by methods described. 
40 To the blunt ended PCR fragment, Bst X1 recognition sites were added, by ligation of 2 synthetic non- 
palindromic oligonucleotides with the sequence 



5-CTTTAGAGCACA 

45 

and 

3'GAAATCTC. 

50 

The resulting fragment was then ligated into Bst X1 -opened pCDM8 vector. 

The resulting plasmid containing the fragment in a sense orientation relative to the CMV promotor in 
pCDM8 was opened by Not 1 cleavage, followed by a partial Pst1 restriction digestion. A Pst1-Eagl 
restriction fragment was purified from the pBRHlGl plasmid vector (Eliison et al. s.a.), and ligated into the 
55 plasmid vector described above. 

Please note that the Eag1 and Not1 restriction enzymes generate the same sticky ends, but that fusion 
of both causes the loss of the Not1 recognition site, but not of the Eag1 recognition site. 

Hence, to favor the desired recombinant construct, a Not1 counterselection was performed. 
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Example 13 



Constr^c'ion o* a chimaenc nunnar L5Ra-igG3 moiecuie 



: Tne same D'Otoo as aesciptior. r Examc-e :2 was used w:tn tne foitow ng exceptions: 

Tne PGR 5' linker was: 

Met 

S'-AAGCTT GG ATCCATG Arc ATcnrnnrnr at 
Hind3 BamHl 

which creates two extra restriction sites as indicated 5' to the nucleotiaes which match w,th the first 6 amino 
-5 acids of h!L5Ro. 

As PCR 3' linker the following nucleotide was used: 
S'-GAGCTCACCGGATCCGCCTCTTGAGAACCCCACAT. 

In addition a partial Sad digest was used instead of a Pst1 digest and pATHIG3(2) (Huck et al. s.a.) 
was used as a source of the immunoglobulin gene part. 

20 

Claims 

1. A DNA sequence comprising two partial DNA sequences, one partial sequence coding for a fragment of 
the a- and-or the 3-chatn of the human interleukin-5 receptor which fragment or combination of 

25 fragments binds human mterleukin-5 and the other partial sequence coding for the constant domains of 
a heavy- or a light chain of a human immunoglobulin such as IgG, IgA, igM or IgE or a part thereof. 

2. A DNA sequence according to claim 1, wherein one partial DNA sequence codes for a fragment of the 
Q-chain of the human lnterleukm-5 receptor which still binds human Interieukm 5, 

30 

3. A vector comprising a DNA sequence as claimed in claim 1 or 2. 

4. A vector as claimed in claim 3 capable of directing expression in eukaryotic host ceils. 
35 5. A pro- or euKaryotic host cell transformed with a vector as claimed in claim 3 or 4. 

6. A recombinant protein coded for by a DNA sequence as claimed in claims 1 or 2. 

7. A recombinant protein as claimed in claim 6 for the treatment of illnesses. 

40 

8. A process for the preparation of a protein as claimed in claim 6. which process comprises cultivating a 
transformed host as claimed in claim 5 in a suitable medium and isolating said protein. 

9. A pharmaceutical composition which contains one or more compounds according to claim 6, if desired 
45 in combination with additional pharmaceutical^ active substances and/or non-toxic, inert, therapeutically 

compatible carrier materials. 

10. The use of a compound according to claim 6 for the treatment of illnesses, especially chronic asthma, 
so Claims for the following Contracting States : GR, ES 

1. A process for tne preparation of a recombinant protein coded for by a DNA sequence comprising two 
partial DNA seouences, one partial sequence coding for a fragment of tne a - and or the $ -chain of the 
numan interleukm-5 receptor which fragment or combination of fragments binds human interie jkin-5 
£5 and the other partial sequence coding tor the constant domains of a heavy- or a hght chain of a human 

immjiogicDjiir! such as igG IgA, IgM or IgE o: a part thereof wn ch process compr-ses cj tivatmg a 
host ce!' t-a-s'c-med wit*- a .'ec*v cacao^e o* e/oressing such a CNA-secuence ir a su table medium 
anc ?.z a + "c said cote^c 
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2. A process as claimed in claim 1 wherein one of the partial DNA sequences codes for a fragment of the 
a-chain of the human interleukin-5 receptor which still binds human Interleukin 5. 

3. A process as claimed in claim 1 or 2 whereby said host cell is a pro- or eukaryotic host cell. 

5 

4. A process as claimed in claim 3 whereby said eukaryotic host cell is a mammalian host cell. 

5. A process as claimed in claim 4 whereby said mammalian host cell is a CHO or COS-cell. 

70 6. A process as claimed in any one of claims 1-5 whereby the expression vector is of the pSV2-, pRSV-, 
PBC121MI-, pMSG- or pCDM8-type. 

7. A process for the preparation of a pharmaceutical composition which process is characterized in that a 
compound obtained by a process as claimed in any one of claims 1-6 and if desired, additional 

75 pharmaceutical^ active substances are mixed with a non-toxic, inert, therapeutically compatible carrier 
material and the mixture is brought into a galenical application form. 

8. A pharmaceutical composition which contains one or more compounds obtained according to a process 
as claimed in any one of claims 1-6, if desired, in combination with additional pharmaceutically active 

20 substances and/or non-toxic, inert, therapeutically compatible carrier materials. 

9. The use of a compound prepared according to a process as claimed in any one of claims 1-6 for the 
preparation of a pharmaceutical composition according to claim 8. 

25 
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. »wwr 1 .s/-»w-rt_wjwA» - . ZZZkZZZ Z XZZZkZX . . ZXZZk . . ZZZZ ZZZZZ Z C73 ACGC7A70 C7 AG A7G Z7ZZZZZ* 9 1 

:;9 



A7C ZTZ CAC AAC CAC CAC TCA CTA C7C- GCC ACC AGC TOG GCT TCT OCT CAA C7T CAT GCC 
-wl l.e Leu G*n Asn Aap Hii Ser Leu Leu Ala Ser Ser Trp Ala Ser Ala Glu Leu His Ala 
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GAC A 
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re: 


lie 


lie 
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Asp 


Leu 


Leu 
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AC7 
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Gly 


Leu 


c 1 


Val 


AA7 
A sr. 

Asp 


C7A 
Leu 


81 


lie 
Lys 


Thr 


CAA 

Glu 


121 


He 


Leu 


CAC 
Gin 
Lys 


111 


CCA 
Pro 


CCA 
Pro 


Gly 


141 


GAC 
Asp 
Ser 


AAT 
Asn 
Ser 


TAT 
Tyr 
HlS 


161 


ACA 
Thr 
Lys 


GAT 
Asp 


Ala 


1E1 


3AA 

Glu 

Lys 


Cys 


CAA 

Gin 




ACT 


777 
Fhe 


A7C 
lie 




CAC 
His 
Arg 


Ser 
Ala 


Ala 


241 


Pre 


Fro 


Leu 
Arg 


261 


CCA 

Fro 


CTC 
Val 
Leu 


Ser 


281 


AAT 
Asn 


GGA 

Gly 


7AT 
Tyr 
His 


3C1 


Leu 
Val 


Ser 


AAG 
Lya 
Thr 


321 


Leu 




ACT 
£er 



:TCTCATCTTCACTCATCTTTAAATCCTCATAGTAAAAACCAT 



C7A TTA C7C A7C C77 



".e: Val pre 



Aan His Lys Fha Leu 



770 GGC GCC ACT GAG ATA CTC CAA GCT jC9 
Leu Gly Ala Thr Clu lie Leu Gin Ala 
Val Leu Ala Thr 

CCA CCT GTC AAT TTC ACC ATT AAA GTT 3 6 9 
Pro Pro Val Asn Phe Thr lie Lys Val 

Ala 



CAA GT 



TA CAA TGG AAA CCA AAT CCT GAT CAA GAG CAA AGC AAT 4 29 
Lys Pre Asn Pro Asp Gin Glu Gin Arc Asn 
Asp His 



His 



Gin 



Aap Tyr Glu Thr Arg 
Glu Asp 



489 



ACC 549 



Ala 



Thr Thr 



Val 



Val Thr 



Lys 



Asn Thr Thr Glu 
His Val Val 



669 



Pro 



Arg Ala 



Asn 



7CC CTT CAC TGC ACC TGG CTT GTT GGC 729 

Ser Leu His Cya Thr Trp L«u Val Cly 
Arg 

?AC TAT AGC TAT GGC TCT TGG ACT GAA 7 89 

ryr Tyr Arg Tyr Gly Ser Trp Thr Clu 
Fne Val Leu 

kGA AAT ATC CCA TGC TGG TTT CCC AGG 649 

^rg Asn lit Ala Cys Trp Fha Pro Arg 



~eu ser ~y» Gly Arg Asp Trp Lau Ser Val Leu Val Asn Gly Sar Ser Lys 
Asn ?fct Glu Gin Ala His lie 

ATC AGG CCC TTT GAT CAG CTC TTT GCC CTT CAC GCC ATT GAT CAA ATA AAT 

llB Ar S Pro Phe Asp Gin Lau Phe Ala Lau Kis Ala lit Asp Gin He Aan 

Str Pro Ltu Val 



969 



Val 



GGA ACT CCT C7 
Gly Thr Arg Lt 
Ser Asn Ser 



TCT ATC CAA TGG GAC AAA 1029 

Sar He Gin Trp Glu Lys 

Tyr 



- v»A ATC CAT TGC TTT GAT TAT GAA GTA AAA ATA CAC AAT ACA AGC 1089 

la Phe Fro He His Cys Pha Aap Tyr Glu Val Lys Ha His Asn Thr Arg 

XlD Asn Ltu Tyr Lys 

7G CAG ATA GAA AAA TTC ATC ACC AAT GCA TTC ATC TCA ATA ATT GAT GAT 1149 



GAT GTT CAA GTG ACA GCA GCA GTG AGC TCC ATG TGC ACA GAC GCA GGG 1209 
"In Val Arg Ala Ala Val Sar Sar Met Cys Arg Glu Ala Gly 

Pro Met Pro 



Arg 
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